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PREFACE 


The Romanes Lecture for 1894, as now published, 
is considerably longer than as originally spoken. In 
reading the Lecture some portions were omitted, which, 
although essential for the full appreciation of the 
argument, were not required for understanding its main 
drift. These passages have been restored to the text ; 
and some notes have been added. I am indebted to 
Mr. Gregg Wilson for translating the Lecture into 
Einglish, and to Prof. W. N. Parker for much help in 
the revision. 

The manuscript had already gone to press when the 
news reached me of the sudden death of the Founder 
of the Lectureship. George Romanes has gone from 
among us. Though the state of his health for the 
last few years had made it improbable that a long life 
would be granted to him, no one thought the end was 
so near when, on the 2nd of May, he was present at 
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the delivery of this lecture and followed it with a lively 
interest. 

His early death is a sad loss to the science for which 
he had still much to achieve ; yet few have better used 
the time fate has allowed them. He worked with 
unwearying energy, and a long list of valuable writings 
bear witness to his fine gift of observation, his keen 
critical intelligence, and his great facility of exposition. 
In the very last month of his life he had set himself 
to solve a problem which he had originally, with 
prophetic insight, put forward a considerable time ago, 
and which he again followed out with increasing 
interest when biological enquiry had brought it to the 
front. Thus his ceaseless energy ended only with 
his life. 

Of him it may be said— and nothing higher can be 
said of any distinguished man — he used te the greatest 
possible extent the gifts with which Nature had so 
abundantly supplied him. 

Freiburg i. Br., 

May 27, 1894. 


August Weismann. 



THE EFFECT OF EXTERNAL 
INFLUENCES UPON DEVELOPMENT 


Nageli’s conception with regard to the evolution of 
the organic world I have always regarded as a surpris- 
ing one. He supposed tliat it had originated in virtue 
of inherent internal forces, and that external influences 
had co-operated only secondarily and unessentially,— 
improving and modifying, but not determining. This 
acute thinker stated plainly that in his opinion the 
course of development would, on the whole, have 
resulted pretty much as it has done, even if the condi- 
tions of life had remained unchanged from the earliest 
times. 

I do not mention this view in order to criticize it, 
having already done so long siu.ce : at the present day 
there are probably few naturalists who adhere to it. 
It was in a sense a last effort to save at least a remnant 
of the abandoned ^creation-hypothesis,* a motive force 
being ascribed to organisms, instead of their develop- 
ment being deduced from the interaction of external 
and internal forces— that is, from the action of the outer 
world upon the organism. 
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It is difficult to disbelieve in the patency of external 
influences when one sees how invariably all the vital 
manifestations of animals and plants are ultimately 
reactions to such influences, and how both animal 
and plant are comparable to machines so constructed 
that stimuli from the outer world cause them to act 
in the most purposeful manner for their own mainten- 
ance. How would they have become adapted in so 
wonderful a degree to these stimuli if they had not 
themselves helped in any way to bring about the 
result ? And as every vital manifestation is a reaction 
to stimulus, there is hardly anything left for a develop- 
mental force to do. 

Although, in my opinion, we are now quite justified 
in denying that evolution has taken place owing to 
purely internal causes, it can by no means be said that 
we are yet quite clear as to the way in which external 
influences have formed and transformed organisms. 
There is still a conflict between rival theories, and 
important points, though often apparently clear, are in 
reality not so. 

To one such point I wish to direct your attention 
to-day. 

It is often assumed, without much proof, that a certain 
variation of a living being is the direct consequence of 
an external influence simply because the variation in 
question is, in fact, in some causal connexion with 
a definite external influence: such an assumption is, 
however, founded on a totally false idea as to the 
interconnexion of the phenomena. In many cases 
this will readily be granted. 
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Suppose, for instance, that we assert that cold is 
the actual cause of the winter-sleep of marmots. It is 
clear that this statement is incorrect, and that not the 
cold, but the peculiar organization of the marmot 
causes the reaction of hibernation : cold cannot throw 
a dog or a bird into a state of slumber for the winter. 
We are here, therefore, concerned with a special adapta- 
tion of the organism to a stimulus— cold — which affects 
it in such a manner that it escapes from what would 
otherwise be a destructive influence. We are unable 
to demonstrate with the microscope the fine ^ mole- 
cular’ or histological variations in the nervous and 
other systems on which the capacity for hibernation 
may depend ; but some such modifications must exist, 
and they cannot be regarded as a direct effect of the 
cold, but must rather be looked upon as arrangements 
to counteract its influence. Their origin, moreover, 
can only be assigned to processes of selection. 

A thousand other cases are to be explained in a 
similar manner. 

The leaves of a Mimosa, on being touched, bend 
down and close, the touch merely serving as an exciting 
stimulus : the actual cause of the movement is due to 
the peculiar constitution of the plants. The recent 
observations of Stahl and HabcTlandt (see Note I, p. 55) 
have shown more clearly than ever the advantage 
which accrues to the plant by this sensitiveness of 
the delicate leaves ; for by its mc^ans the plant can to 
some extent escape from the effects of the falling drops 
of a tropical rain-shower, by exposing the edges only 
of the leaflets to its violence. 
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Recent advance in our knowledge of the physiology 
of plants has, however, resulted in showing that much 
commoner phenomena of plant-life must depend upon 
adaptation, and are not mere products of the general 
constitution of the plants. I cannot help expressing my 
wonder and admiration at the recent achievements of 
botanical research in anal3^zing the reactions of the 
parts of plants to external influences with such a degree 
of certainty and clearness. Gravity determines the 
growth of roots vertically downwards and of stems 
vertically upwards, and this ^gcotropic’ sensitiveness 
is so delicate that even on the unsteady foundation of 
the floating shoots of Utriciilaria the flower-stalks rise 
perpendicularly to a height of 4-5 centimeters, and so 
exactly as to remain standing erect and to display 
their flowers — even though, with a very slight deviation, 
they would necessarily turn over and fall into the 
water. 

Mow exceedingly wnportant, too, arc the consequences 
of the sensitiveness of plants to light ; — what infinitely 
fine gradations in this sensibility occur in the reactions 
of the parts of plants, and how exactly is it adapted to 
their needs! A superficial observ^er might imagine 
that we are here concerned, not with adaptation, but 
with an original peculiarity of plants ; but it is well 
known that the modes in which plants or the parts 
of plants react to light are very different, and these 
modifications of their general sensitiveness to light 
depend on differences in the fine molecular structure 
of their living substance. The shoots of most plants 
incline towards the light or are ^positively heliotropic ’ ; 
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while others, such as the climbing shoots of the ivy and 
pumpkin, turn away from it, or are ‘ negatively helio- 
tropic.’ As these differences are highly purposeful— 
inasmuch as in one case they put the plant in a position 
to make the utmost use of the light, and in the other', 
enable it to climb— we must look upon the differences i 
in structure which cause them as due to adaptation. ■ 
Once more therefore we have no other explanation of 
their origin than that offered by selection (see Note II, 
P- 56)- 

In all these instances we have to deal with hereditary 
structures, that is with arrangements which always 
develop in the same manner under the ordinary con- 
ditions of life and growth, and which in their turn 
regulate the plants, so that they respond in a fitting 
manner to external stimuli. 

Similar arrangements also exist in animals, and play 
an important part in their development. 

Hermann Meyer seems to have^been the first to call 
attention to the adaptiveness as regards minute structure 
in animal tissues, which is most strikingly exhibited in 
the architecture of the spongy substance of the long 
bones in the higher vertebrates. This substance is 
arranged on a similar mechanical principle to that of 
arched structures in general : it is composed of 
numerous fine bony plates so an anged as to withstand 
the greatest amount of tension and pressure, and to 
give the utmost firmness with a minimum expenditure 
of material. But the direction, position, and strength 
of these bony plates are by no means innate or deter- 
mined in advance : they depend on circumstances. If 
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the bone is broken and heals out of *the straight, the 
plates of the spongy tissue become rearranged so as 
to lie in the new direction of greatest tension and 
pressure : thus they can adapt themselves to changed 
circumstances. 

Wilhelm Roux has given an explanation of the cause 
of these wonderfully fine adaptations by applying the 
principle of selection to the parts of the organism. 
Just as there is a struggle for survival among the 
individuals of a species, and the fittest are victorious, 
•SO also do even the smallest living particles contend 
with one another, and those that succeed best in 
securing food and place grow and multiply rapidly, 
and so displace those that are less suitably equipped. 
The three factors in the process of selection — varia- 
bility, heredity, and struggle for existence — are all 
present. Processes of selection must thus take place 
amongst every kind of units within the organism, — not 
only in cells and tissues, but also in the smallest 
conceivable living particles, which I have called ‘ bio- 
phors.’ Ever 3 rwherc equivalent parts are contending 
one with another, and everywhere it is the best that 
jjrevail. We can describe this process as intra-indi- 
vidual selection, or more briefly, as intra-selection. 

It is impossible for me to give an exhaustive account 
of Roux’s argument here, and 1 must venture to assume 
that 3 ^ou are familiar with it. But there is one point 
1 must not leave unnoticed : namely that relating to the 
cause which giv'cs the advantage to one particle over 
others, and the consequent possibility of a struggle. 
This cause is to be sought in the relative power of 
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reaction to a d(ffinite stimulus, and in the fact that 
a functional stimulus strengthens an organ. Just as 
the contraction of a muscle strengthens it, so also is 
every other histological element better nourished when 
acted on by the specific stimulus to which it is adapted. 
The varied sensitiveness for specific stimuli here has 
a similar result to that which follows in the case of the 
individual possessing certain advantages which make 
it victorious in the struggle with other individuals. In 
whatever part of the organism a definite stimulus is 
at work, there will necessarily be an increase of those 
elements that are most susceptible to this stimulus and 
are excited to the highest degree of activity by it. 
Thus elements which are stimulated to growth and 
increase by tension and pressure, necessarily accumu- 
late and arrange themselves in the direction of the 
stimulus in the parts where these forces act most 
strongly upon them. The arrangement of the spongy 
tissue of bones and of the complicated felting of the 
connective tissue in the dolphin’s fin, as well as the 
marvellously suitable form and direction of blood- 
vessels, are thus to be explained; and we may in 
general say that a similar explanation can be given 
to the various delicate adaptations of tlie tissues of 
the higher animals, all of which have the power 
of adapting themselves to the present circumstances 
of the organism (see Note III, p. 57)- 

Roux, however, went further, in that he believed that 
these histological structures arose entirely by intra- 
selection, and not by individual selection at all. In 
this respect I believe he was wrong, though one cannot 
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help being struck by his question as' to the origin of 
such minute adaptations by means of ordinary selection. 
Even supposing that here and there a variation of 
a few spongy plates happened to arise by chance, how 
could these give the individual any advantage in the 
struggle for existence, when hundreds and thousands of 
them are required to make the bone better adapted for 
its work, so as to give to the variation a selective 
value? In reply I should like to ask if there is no 
possibility of assuming that the primary constituents 
{Anlagen) of a tissue occurring in many parts of the 
body might be improved by natural selection acting on 
the germ alone. Can we suppose that the feathers of 
birds or the hairs of mammals have originated singly 
by selection ? In this case it is clear that intra-selection 
can have taken no part in their origin. 

It seems to me that Roux (see Note IV, p. 57) would 
not have fallen into this error if he had brought for- 
ward his ingenious conception at a later period, when 
the question of the inheritance of acquired qualities was 
more fully appreciated. In the year 1881, when Roux 
published the views here briefly alluded to, a few 
scientific men had certainly expressed some doubt as 
to whether an inheritance of acquired characters could 
actually take place ; but nevertheless the idea had not 
been followed up, nor had it been pointed out how 
thoroughly our conceptions as to the causes of the 
transmutation of species must become changed if such 
an inheritance should not occur. Thus we certainly 
cannot reproach Roux for having accepted this suppo- 
sition, and for having applied it to his own theory. 
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He assumed that the histological adaptations might 
arise by means of intra-selection alone, imagining that 
its results in a certain individual could be transmitted 
to the offspring, and thus gradually increase from one 
generation to another. He even emphasized this 
particular point, justly conceiving that such finely 
elaborated adaptations could not have arisen in one 
lifetime, but must rather have appeared in the course 
of generations; and he saw no other way in which 
this could be accomplished except by the transmission 
of acquired characters. 

But there is another way out of the difficulty, and 
if I am not very much mistaken, Roux himself would 
now be inclined to regard it as the right one. It is/ 
not the particular adaptive structures themselves that^ 
are transmitted, but only the quality of the material 
from which intra-selection forms these structures anew 
in every individual life. Peculiarities of biophors and 
cells are transmitted, and these may become more and 
more favourable and adaptive in the course of genera- 
tions if they are subject to natural selection. Thus in 
the course of generations the sensitiveness to tension 
and pressure has increased in certain of the primary 
cells of the bones, and it is this sensitiveness which 
now in every individual life gives opportunity for the 
processes of intra-.selection. It is not the particular 
spongy plates which are transmitteil, but a cell-mass, 
that from the germ onwards so reacts to tension and 
pressure that the spongy structure necessarily results. 
The case is -quite similar to that of plants, in which 
geotropic sensitiveness makes the root grow down- 
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wards and the shoot upwards, while the branches pass 
obliquely outwards. The sensitiveness — the positive or 
negative geotropism — is inherited, and depends on the 
nature of the germ ; but the special direction which 
the growing part takes is a consequence of the varying 
conditions of existence of the individual ; it is acquired 
anew in every individual life, and cannot be trans- 
mitted. The great significance of intra-selection appears 
to me not to depend on its producing structures that 
are directly transmissible, — it cannot do that, — but 
rather consists in its causing a development of the 
germ-structure, acquired by the selection of individuals, 
which will be suitable to varying conditions. Intra- 
selcction effects the special adaptation of the tissues to special 
conditions of developnmit in each individual. When a 
tree is crowded by other trees on one side, and is 
thus cut off from the light, it grows less rapidly on 
this side, but develops all the more luxuriantly on the 
other : the hereditary so - called ‘ molecular ’ consti- 
tution of its shoots, which we .speak of as positive 
heliotropism, is the cause of this. Similarly, when a 
fractured bone heals out of the straight, the plates of 
the spongy portion again become set in the line of 
greatest tension and pressure, the cause being the 
hereditary molecular sensitiveness of the connective 
tissue-matrix of the bone. 

We may therefore say that intra-selection effects the 
adaptation of the individual to its chance developmental 
conditions, — the suiting of the hereditary primary con- 
stituents to fresh circumstances. But these primary 
constituents themselves could only be produced by 
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personal selection, and not by intra-selection. The 
value of the principle of intra-selection does not seem 
to me, however, to be diminished on this account: 
it still remains of the veiy greatest importance, for 
without it no higher organism could either persist or 
exist, or even possibly have become developed. For 
were this not so, the organism would be formed from 
the egg much in the same way as a building would 
be constructed every stone of which was prepared 
before the site or the neighbourhood in which it was to 
be erected had been chosen, or even the use to which 
it would be put had been decided upon. Such an 
ontogeny, predetermined in every detail, would no 
more produce an organism fit for life, than— as Roux 
has aptly put it — would a commander be victorious, 
who, instead of giving general instructions to his chief 
officers as to the placing and movements of their troops, 
should in advance issue detailed orders for the conduct 
of every one down to the lieutenants, or even to 
each private soldier. The influences which encounter 
organisms during their development are never exactly 
similar, and to adapt themselves to these the organisms 
must have a certain amount of freedom. 

These influences, moreover, are by no means purely 
of an external kind, but are to a gri'at extent exercised 
by one part of the organism on another, by cell on 
cell, by tissue on tissue, by organ on organ. If I am 
not mistaken, the phenomenon which Darwin described 
as correlation, and justly regarded as an important 
factor in evolution, is for the most part an effect of 
intra-selection, which has great influence on phylogeny 
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as well as upon ontogeny, even though its results are 
not transmitted. 

Let us take the well-known instance of the gradual 
increase in development of the deer’s antlers, in con- 
sequence of which the head, in the course of genera- 
tions, has become more and more heavily loaded. 
The question has been asked as to how it is possible 
for the parts of the body which have to support 
and move this weight to vary simultaneously and 
harmoniously if there is no such thing as the trans- 
mission of the effects of use or disuse, and if the 
changes have resulted from processes of selection 
only? This is the question put by Herbert Spencer 
as to ‘ co-adaptation^ and the answer is to be found in 
connexion with the process of intra-selection. It is 
by no means necessary that all the parts concerned — 
skull, muscles and ligaments of the neck, cervical 
vertebrae, bones of the fore-limbs, &c. — should simul- 
taneously adapt themselves by variation of the germ to 
the increase in size of the antlers ; for in each separate 
individual the necessary adaptation will be temporarily 
accomplished by intra-selection — by the struggle of 
parts — under the trophic influence of functional stimulus. 

The improvement of the parts in question, when so 
acquired, will certainly not be transmitted, but yet the 
primary variation is not lost. Thus when an advan- 
tageous increase in the size of the antlers has taken 
place, it does not lead to the destruction of the animal 
in consequence of the other parts being unable to suit 
themselves to it. All parts of the organism are in 
a certain degree variable and capable of being deter- 
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mined by the strength and nature of the influences 
that affect them ; and this capacity to respond conform- 
ably to functional stimulus must be regarded as the 
means which make possible the maintenance of a 
harmonious co-adaptation of parts in the course of the 
phyletic metamorphosis of a species. Herbert Spencer 
has given it as his opinion that in the harmonious 
working together of parts a cogent reason is to be 
found for accepting the doctrine of the transmission of 
acquired characters : but in so doing he has overlooked 
the fact that there is a never-resting principle at work 
which is uninterruptedly concerned with the production 
of harmony, alike in respect of size and functional 
activity, among parts that co-operate : I mean the prin- 
ciple of intra-selcction. 

Naturally the degree of discord among the parts may 
sometimes be such that intra-selection is not able to 
produce harmony; for there must be definite limits 
to the scope of adaptation, and we well know that 
the exercise of a function for too long a time or too 
violently ceases to produce strengthening of the organ, 
and causes weakening instead, liut as the primary 
variations in the phyletic metamor[)hosis occurred little 
by little, the secondary adaptations would probably as 
a rule be able to keep pace with them. Time would 
thus be gained till, in the course of generations, by con- 
stant selection of those germs the primary constituents 
of which are best suited to one another, the greatest 
possible degree of harmony may be reached, and con- 
sequently a definitive metamorphosis of the species 
involving all the parts of the individual may occur. 
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The ‘reducing divisions’ of the germ -plasm and the 
mingling of the moieties of parental germ-plasm in 
fertilization must be of the utmost importance in this 
connexion, for they secure the constant presence of 
an abundance of very varied combinations of primary 
constituents. 

I should, moreover, suppose that perfect harmony of 
the primary constituents of the germ, such as would 
render the gradual adaptation of parts during the 
development of the organism unnecessary, is never in 
any case attained to. This seems to me as little possible 
as that any organ should ever become absolutely perfect. 
No adaptation is more than relatively this fact 
is involved in the principle of selection, which I believe 
to be unable to carry improvement further than the 
point at which the species becomes capable of main- 
taining its existence. And in like manner the harmony 
of the primary constituents which are contained in the 
germ-plasm can never become more complete than is 
necessary just to produce, with the help of intra- 
selection, an individual sufficiently capable of acting 
its part. 

A complete harmony of the primary constituents 
can therefore never exist in the germ-plasm of sexually 
produced individuals; for this germ-plasm is always 
composed of two individually distinct halves. If, at 
any rate, those are right who agree with Darwin, 
Galton, de Vries, and myself in believing in a pre- 
formative arrangement of the germ-substance — that is, 
in a germ-substance composed of primary constituents 
{Anlagen)— It follows that in every act of fertilization 
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.very different primary constituents of corresponding 
parts, derived from both father and mother, must meet 
in the germ. 

As a rule the parts of the adult parents are so 
different that they could not be interchanged without 
the formation of monsters; and similarly the primary 
constituents of their germ-substance could not be united 
together to produce a young organism, exhibiting har- 
mony in its various parts, if they did not all have 
a certain, scope for variation, so as to render them 
capable of adaptation to one another. And though 
we know so little as yet of these hidden processes, 
we can hardly err in thinking that relations are here 
involved which are included in the idea of intra-selection. 
The struggle of parts unequal in strength — that is,, 
unequal in susceptibility to stimulus — must be the 
cause which brings about the mingling of parental 
primary constituents, and prevents the occurrence of 
monsters with parts ill adapted to one another. 

Intra-selection apparently also renders it possible for 
a harmonious organism to live and undergo develop- 
ment from an only moderately harmonious mass of 
primary constituents, such as 1 imagine constitute the 
germ-plasm. But the supposition of the whole activity 
of intra-selection presupposes the specific sensitiveness 
of the various primary constituents and of the units of 
smaller or larger groups of these ; and this sensitive- 
ness can naturally only have arisen through ordinary 
selection of individuals, owing to variation of the germ. 
For it is hereditary in this case just as in that of 
plants, the sensibility of which — (geotropic, heliotropic. 
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anisotropic, anisomorphic, &c.) — dominates their whole 
growth. All these reactions of the organism to ex- 
ternal influences are thus to a certain extent prearranged 
and provided for long in advance. 

I do not mean by this that the organism cannot be 
affected by external influences for which it is not 
adapted in advance. There are numerous examples 
known in which unusual climatic conditions have pro- 
duced changes in animals and plants. European dogs 
sometimes lose their hair under the influence of 
Indian heat, and we have here a clear proof that their 
organism is not adapted for the endurance of heat. 
A small ruddy -gold butterfly, Polyommatus phlaeas, 
acquires a black tinge when it comes to live in warmer 
climates, such as that of Southern Italy. This, again, 
is not to be regarded as an adaptation, but must be 
looked upon as a direct effect of warmth. This has 
been shown by Merrifield’s experiments (see Note V, 
p. 58), the results of which agree with my own obser- 
vations. In this and several similar cases there is no 
ground for supposing that the reaction of the scales 
of the butterfly is, so to speak, an intentional one — or 
more correctly, that the determinants of the scales 
were so arranged in advance by natural selection that 
they should produce black under the influence of a 
high temperature. 

But in other and to all appearance similar instances 
the relations may be of a different nature, though at 
a glance it may be impossible to definitely decide that 
this is the case. We must at any rate be careful not 
to regard as necessarily accidental all the variations 
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that appear under the influence of temperature. Many 
years ago I made experiments with the seasonally 
dimorphic butterfly Vanessa levana-prorsa, and was 
able to prove that the two forms of one and the same 
species, while veiy different in colour and pattern, owe 
their difference to the effects of different degrees of 
warmth during the pupal stage : it is at least possible 
to convert the summer generation into the spring form 
by lowering the temperature. Even at that time it 
appeared to me doubtful whether such a total change 
in colour and pattern in the summer form of prorsa 
could actually depend only on the chance influence of 
a higher temperature, and the idea of mimicry at first 
crossed my mind. But now, by the united labours of 
many excellent observers, we know that mimicry is of 
a much commoner and more widespread occurrence 
than could formerly have been supposed, and 1 should 
now consider it possible that the summer form, V. prorsa, 
might have resulted from imitation of Limenitis sihylla, 
which flies with it in clear spaces in the woods, and 
to which in fact it is strikingly similar. I cannot 
however at present give a proof in support of this 
supposition, and am not even able to say whether 
Limenitis is to be included arri-,-ng protected species. 
The reasons which lead me to this conclusion cannot 
be given here in detail, and I mention the idea 
only as an illustration — whether real or imaginary — 
of how the impression might arise that a meta- 
morphosis was due to exterual influences, while the 
influence — in this case warmth — had only to play the 
part of the stimulus, the real cause being a variation 
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of the primary constituents of the germ produced by 
processes of selection, — in this instance by adaptation 
of the summer generation so as to render it similar to 
a protected species which flies about along with it (see 
Note VI, p. 59). 

Thus it would not be inconceivable that the cater- 
pillars of a species which produces two generations in 
a year should have become adapted in respect of pro- 
tective colouring to two different and alternating food- 
plants; and in this case too, the periodic change of 
colour would apparently depend on the direct influence 
of the summer and autumn climate, while really due 
to the presence of double primary constituents in 
the germ, which by some external influence— perhaps 
warmth or perhaps the quality of the light falling on 
the young caterpillar — would only undergo develop- 
ment alternately. 

It is possible that the caterpillars of the North 
American butterfly Lycaena pseudargiohts offer such an 
instance. W. K. Edwards in his admirable work on 
the Butterflies of North America says that the cater- 
pillars of the summer and autumn broods in this 
species are quite differently coloured, the former being 
white and well protected on the white flower-buds of 
their food-plant, Cimicifuga racemosa, while the latter 
are yellow-green or olive-green, and live on the flower- 
buds of a plant {Actinomeris squamosa) which bears 
yellow flowers and blooms later in the year. Whether 
the last-named colouration is also to be regarded as 
protective unfortunately cannot be determined from 
the available observations, as the case would have 
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to be investigated specially from this point of view 
before it could be regarded as one of seasonal double 
adaptation. 

Cases of seasonal protective dimorphism in many 
Arctic mammals and birds have, however, long been 
known, and only differ from the instance just mentioned 
in the fact that the two kinds of adaptive colouration 
do not concern two successive generations, but appear 
successively in the same individual. In these cases, 
also, an external stimulus — cold — seems to decide 
whether the summer or the winter coat is to be de- 
veloped. A complicated nerve-mechanism must here 
exist, which, at the stimulus of a certain temperature, 
affects ‘ that part of the nervous system which presides 
over the nutritive and chemical changes involved in the 
growth of hair and the appearance of the bubbles ’ of 
gas in it. A few careful observations have been made 
which prove this to be true. Take, for instance, those 
of Captain J. Ross on a Hudson’s Bay Lemming. As 
long as the animal was kept in the cabin, and so 
shielded from the low temperature, it retained its 
summer coat through the winter ; but after being placed 
on deck in a cage, and exposed to a temperature of 
30° below zero, it changed colour and became almost 
entirely white at the end of a week 

But while seasonal adaptive dimorphism can at 


’ This experiment is cited in detail by Poulton, from whom the 
above quotation is taken (‘ The Colours of Animals,’ London, 1890, 
pp. 94 and too). The whole question as to the causes of the change 
of the summer- and winter-coats in mammals and birds, which is 
here only briefly referred to, is dealt with in detail in this book. 
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present only be supposed to occur, another kind of 
dimorphism is known with certainty, in which also 
protective colouration is involved. In this case the 
nature of the colour to be developed is determined by 
the quality of the light radiating from the surroundings 
of the animal. Most of you must be familiar with the 
beautiful experiments of Professor Poulton on cater- 
pillars and pupae, which demonstrate this. The cater- 
pillars of Amphidasis betularia take on a colouration 
similar to that of the twigs on which they live from the 
first ; and one can cause them to become ‘ black, brown, 
or bright green by the presence of similarly-coloured 
twigs (or paper) in their surroundings, although fed 
on the same food’*.' In like manner the pupae of 
Vanessa urticae become dark blackish-brown when they 
undergo transformation on a dark ground ; but assume 
a light colour or even a strong golden sheen when they 
have settled on a light ground. In these cases, again, 
it cannot be supposed that the primary constituents for 
polymorphism have possibly arisen directly owing to 
the light ; they must rather have been produced as an 
adaptation by processes of selection. But each of the 
possible colours of the skin originating in this way is 
specially sensitive to certain kinds of light and is roused 
to activity by these alone. 

This instance leads us to those in which the same 
individual is able to change colour in a short time — 

^ Cf. E. B. Poulton, * Further experiments upon the colour- 
relation between certain lepidopterous larvae, pupae, cocoons, and 
iinai^iiics and their surroundings,* Trans. Ent. Soc., London, 1892, 
p. 293. 
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|in fact, almost momentarily— as is the case in many 
fishes, amphibians, reptiles and cephalopods. The 
light that calls forth the colour does not here act 
hrectly, or at any rate principally, on the elements of 
|he skin that produce the colour; but a complicated 
|ervous apparatus exists connecting these and the part 
jjat is first stimulated by the light, viz. the nerve- 
Mings in the skin or in the eye. If in the latter case 
optic lobes of the brain are artificially destroyed, 
le capacity for changing colour ceases : it therefore 
Impends on a reflex mechanism, the origin of which, 
%ain, cannot be attributed to any cause acting directly, 
Ifot can only be referred to processes of selection. 

In these and similar instances, the dimorphism is not 
(Spnscqucnt on double sets of primary constituents of 
vhich only one or the other can attain to development : 
l' depends on the different susceptibilities of the histo- 
rogical elements which in exquisite combination make 
up the skin. 

Many facts indicate that the differentiation of sex can 
also within certain limits be regarded from a simi lar 
point of view. The primary constituents for the char- 
acters of both sexes are included in the same egg, and 
‘B many instances it appears that a stimulus decides as 
which group of them shall undergo development— 
'Aether the male or the female. Unfortunately in only 
|eiy few cases can we as yet determine the stimulus 
rith certainty, but we are at any rate certain that 
is not the same in every instance. Yung’s well- 
tnown experiments indicate, in the case of tadpoles, 
^mat the sex is partly determined by the nature and 
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amount of their food ; and similar results have beew 
obtained by several observers with regard to certain,, 
caterpillars, in which, as in tadpoles, the males appear , 
in greater numbers when nourishment is scarce. Ex-, 
periments made by Maupas, on the other hand, show? 
that in Hydatina senta, one of the fresh-water rotifers : 
the determination is effected by the temperature; and 
this instance is specially interesting, as the sex of the ' 
offspring is decided even before their primary coni' 
stituents are formed in the germ (see Note VII, p. 60). 

Siebold and Leuckart have shown that in bees and 
wasps the eggs which are fertilized develop into 
females, while those that are not fertilized give rise to 
males. , And though we are still completely in the ' 
dark as to how this occurs, its utility at any rate is' i 
manifest, for the queen is thus enabled to produce mak i 
or female offspring at will or according to necessity 
To this extent we can understand why the sex has 
here been made to depend on an external impulse, 
and probably no one would in this case conclude that 
the stimulus is the efficient cause of the male or female 
character of the embryo : no one regards the warmth 
necessary for the development of a pigeon’s egg aS' 
the cause of its giving rise to a pigeon and not tr 
a duck (see Note VIII, p. 60). ' 

In other instances, however, this is less apparent 
and the stimulus is readily mistaken for the causa 
ffficims of the development. Permit me to go some- 
what more into detail with regard to one such case 
which seems to me of peculiar interest; and which,' 
although generally known, has never yet been 
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thoroughly explained. I refer to the neuters or workers 
of state-forming insects — bees, ants and termites. As is 
well known, these workers do not originate from 
special eggs, but it has been demonstrated in bees and 
termites, and shown to be very probable in the case 
of ants, that there is only one kind of egg, from which 
queens and workers as well as males arise. When 
female larvae are supplied with a very rich and 
nourishing diet, they give rise to queens ; but workers 
are developed if the larvae receive scantier and less 
nourishing food. The differences between these two 
castes are manifold ; but at present I wish to call 
your attention to one characteristic only, namely, the 
sterility of the workers — their relative or, in certain 
cases, absolute barrenness. 

Let us inquire, in the first place, how this sterility 
has arisen. Many would possibly suppose that it is 
a direct consequence of the poorer nutrition of the 
larva. This view has frequently been maintained’, 
and has been repeated by Herbert Spencer quite 
recently; but I cannot look upon it as a correct one 
in the sense implied. It is certainly true that bees 
have it in their power to cause a larva to become 
a queen or a worker according to the manner in 
which they feed it: it is equally true of all animals 
that they reproduce only feebly or not at all when 
badly and insufficiently nourished: and yet the poor 
feeding is not the causa efficiens of sterility among bees, 

’ For example by William Marshall in his delightful little work 
Leben u. Treiben der Ameism. Leipzig, 1889. 
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but is merely the stimulus which not only results in the 
formation of rudimentary ovaries, but at the same time 
calls forth all the other distinctive characters of the 
workers. It appears to me to be doubly incorrect to 
look upon the poor nourishment as the actual cause; 
for such a view not only confuses the stimulus with 
the real cause, hut also fails to distin,(^uish between 
an or^^an that becomes rudimentary and one that is 
simjdy imperfectly developed. Moreover th(^ fact is 
overlookc d that the ovaric'S of the workers are actually 
rudimentary origans: a j^reat pn>[)ortion of their really 
essential parts have disappeancl, while only a small 
nminant is retained. The ovary of the queen-bee 
consists of from iBo to 200 e^g-tuhes, and numerous 
eggs may Ixrome mature in one of those. I'he queen 
is accordingly able in the course of her life to produce 
an immense number of eggs,— mon* than a hundred 
thousand. The ovary of the worker on the other 
hand contains from two to six egg-tubes only, and no 
matter how rich the food may be, no more can be 
formed in the imaginal state. The workers certainly 
produce eggs occasionally, when they have receivid 
exceptionally rich nourishment in the imago-stage ; but 
even then tlu ir fertility is never great, for only a few 
eggs can find room to ripen at a time in the small 
number of ovarian-tubes present. And this is only 
exceptional, for the workers ordinarily only take just 
enough food to serve for the sustenance of the body, 
and not sufficient to allow the small egg-germs in 
their ovarian-tubes to become ripe. 

It is now possible to show by experiment that poor 



Effect of External Influences upon Development 31 

nourishment does not induce any degeneration of the 
ovaries of insects. 

In many respects flies {Dipterd^ resemble bees from 
a biological point of view : they develop from footless 
maggots, which Vwc in the midst of suitable nourish- 
ment and absorb food almost without interruption. 
They grow rapully, and alter a short rest in the pupal 
stage develop inti> the perirct insect and reproduce 
abundantly soon afterwards. 1 reared large numbers 
of the i;gs of a frmale blo\v*fIy {Must a I'onii/orut) 
<s('r Nile IX, p. 61 ahor si'parating tlu m into two 
ouo (>| which was iinintei laiptedly siipplaal with 
rich food. whiK‘ tlio (^lu r was most sparingly lial. In 
the latter ca-e th.- larvae were from time to tiiiu* 
remo\aai Imm itu* Ih-h into which they had bored 
and h It lor a nimilxT of hours without food. d'lu\sc‘ 
lar\ ao gi rw sluwly, arul ail n maim'd more or k*ss 
ncituv'ably small. l»ut in point of limo their d(‘Velo|)- 
inenl wa- not dolayt d : they undrrwrnt meUimor[)hosis 
simuU.mroii^ly with the normally fed larva(‘, only 
a few ot thorn [King one day latter. In both cases 
the lar\al pt rio<l la->t{d fpjm nin( to ten days and 
the pui>al ^lagf for from twenty-c igl i to twt nty-riine 
days. Almost simullane(jusly all of lIc' several hundreds 
of flies e.scaped from tfie pupa; and Irom that stage 
onwards they wt;re kept in large airy is'ig(‘s exjio.sed 
to the sun, and were well su|)plied with food (see 
Note X, p. 62). 

Now if the reproductive organs had remained rudi- 
mentary in conse(iuence of the poor nourishment, this 
would necessarily have become apparent by tlie ill-fed 
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flies not reproducing, or doing so only feebly. But 
this was not the case; though they were all smaller 
than ordinary flies — many of them indeed being 
strikingly small, having doubtless absorbed less food 
than the normally fed larvae,— yet on the 6th of June, 
the same day on which the flies derived from the 
latter began laying eggs, they too laid abundantly for 
the first time. And the matter did not stop here, for 
the process was often repeated subsequently. In 
order to be sure, however, that even the smallest of 
them, — that is, those which had been most affected 
by the bad feeding — were reproducing, I i.solated 
five of the smallest flies. After seven da^^s they had 
produced two large packets of eggs ; and this process 
was repeated four times within the next fortnight. 

There could therefore be no doubt that, in spite of 
the scanty supplies of food during larx’al life, the 
organs of reproduction, or at any rate their essential 
part— the ovaries, were normally constituted ; so that 
with good nutrition during the imago-stage these flies 
re|iroduced in a perfectly normal manner. 

I was however able to prove that the external re- 
productive parts were also normally developed. A 
number of females were isolated in small cages imme- 
diately after their escape from the pupa and abundantly 
fed. These too in course of time laid eggs, not a single 
one of which developed into a larva. It therefore 
follows that the eggs of Musca vomitoria lack the 
capacity of developing parthenogenetically ; and hence 
all the (girs of the illfcd flies ’d'oe fertilized. This 
however would only have been possible if the entire 
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male reproductive apparatus was normally developed. 
My experiment proves this fact more clearly than 
could have been done by anatomical investigation ; and 
evidence is thus afforded that no part of the repro- 
ductive organs was degenerated in any degree by 
limiting the food during the larval period. 

By comparing the result of this experiment with the 
known facts as to bees, the difference in the behaviour 
of the two (^rgunisne^ is made ch^ar. In the case of 
bees a distinct degeneration of the ovaries and various 
accessory organs of reproduction taki's plac(* in con- 
sequence of poor nourishment; wliih* in flies the 
wht)le n'produrtive apparatus is formed quite as per- 
fectly when the nourislmumt of llu* larva is deficient 
as when it is ample. I'here is t'vcm no delay in tlu‘ 
maturing of tlu* eggs--ns is sliown by th(‘ fact that 
tlie first batch was laid at exactly tin* same time as in 
the case of the fli<‘s arising from normally fed larva(\ 

It might, hovvev(‘r, he said that flies and bees are 
very different organisms, and therefore* react differently 
to external inllut nci's. This is fpiitt* true*, and is 
exactly what I wish tcj he at know'ledgt'd. My (experi- 
ments with the fli(?s were merely meant to show that 
all insects, t'ven though they may resemble b(.*(*s in 
some respects, do not react m a similar way to th(‘ 
bee to meagreness of nutriti m, and that accordingly 
//its mode of reaction is a chat at /eristic (f bees:- it is 
a new acquisition, and was rmt possessed by the 
ancestors of these insects. 

But nevertheless I cannot quite agree with the view 
of Em(jry, a great authority on ants, who has recently 


c 
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given it as his opinion that the degeneration of the 
ovaries of the workers is simply due to an increased 
sensitiveness of the ‘ gem-plasm ’ to poor nourishment ; 
and has explained the whole phenomenon of the 
formation of neuters among insects as consequent on 
such an altered mode of reaction in the germ-plasm. 
If it is thereby meant that the ovarj' is more easily 
affected by slight nutrition than are the ovaries of 
other insects, the supposition is hardly correct. It 
fails to explain the facts ; for the ovary of the workers 
is not only in an undeveloi)ed conditit)n, hut is actually 
rudimrntaiy : the majority of the typical parts arc wanting. 
Kven if it be assumed that the number of ovarian 
egg-tubes has increased in the queen since the caste 
of workers arose, there can nevertheless be no doubt 
that at the same time it has diminished greatly in the 
case of the workers. This follows from the discoveries 
of Adlerz as regards ants, from which it appears that 
the degree of diminution in the number of egg-tubes 
is difl'erent in different specie.^ ; the number varies 
from twelve to one, and in the case of Tciramorittm 
rarspitum they are even totally absent. But the rudi- 
mentary condition of the reproductive organs becomes 
even more apparent wlien we consider that both the 
bursa copulatrix and the receptaculum seminis have 
degenerated in the bee and ant workers ; and we have 
every reason for believing that typical parts could 
never disappear owing to poor nourishment, no matter 
how poor it may have been— an egg-tube would no 
more disappear from this cause than would a leg or 
a wing. How often have caterpillars been reared 
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en masse on starvation diet, either designedly or from 
carelessness, and yet none of them has ever given 
rise to a butterfly destitute of wings or to one with 
only four legs instead of six. Such butterflies are 
always very small but in other respects perfect, just 
as in the case of the ill-fed flies. The disappearance 
of a typical or^an is not an ontojjcnetic but a phylogenetic 
process ; if nether in any case depends on ricre tnflutnccs 
of nutrition such as affect the development of each indi- 
vidual, but ts almiys due to variations of the primary 
constituents of the germ, which to all appearance can 
only come almit in the (ourse of numerous generations. 

I'he view that a men‘ inrr#vist* of sensitiveness to 
poor nourishment is the caust' of a w'orker’s ovary 
consisting of few or no egg-tubes is tlicrefore not 
satisfactory. W'e must rather suppose that the primary 
constituents (»f two distinct reproductive systems — e.g. 
th(»se of the queen and worker — are contained in the 
germ-plasm of the egg. 

But even as regards the maturation of .such egg- 
germs as are prest nt in tfie* worker’s ovary, we can 
liardly ascribe to the social insi c ts a luaghlened sensi- 
tiveness to poverty of food. W'* do, however, find this 
sensitiveness developed in a high degree in many 
animals. Let me refer for instarx e to the observations 
I made many years ago on the flisintegralion of half- 
ripe eggs in tile ovary of the l)a{»hnidae as soon as 
the animals lacked a sufficiency of food ‘ (see Note XI, 


^ Cf. Weismann, A., * Bcitrftgc zur Naturgrschichte der Daph- 
noiden,’ Abhandlung VII : ‘ Die Entstehung dcr cyclischen Fort- 
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p. 62). The degree in which the maturation of the 
eggs of insects depends on their food is also shown 
by my experiments with flies, which when poorly fed 
after reaching the imago-state produced no eggs at all, 
the ovaries remaining in the unripe condition in which 
they are always found in the young imago, even when 
there has been abundant food for the lana. 

The facts, therefore, support neither the idea that 
the degeneration of the ovary of the workers is a 
direct consequence of poverty of nutrition, nor the 
vi(‘W that an increased sensitiveness of the ovary to 
the influence of nourishment is here concerned. But 
they do show that poor nourishment acts as the stimulus 
for the latent primary constituents for the ivorkers in the 
f;erm-plasm ; — not only for those of the ovary, hut also for 
those of all characters by xvhicb the worker is distinguished 
from the queen. 

It might at first perhaps appear peculiar that one 
and the same egg should contain double primary con- 
stituents of numerous parts of the body; but we need 
not be surprised at this if we reflect that double primary 
constituents of many j'larts of the body— namely those 
for the male and female— must certainly be contained 
in the eggs of almost all animals. In a few cases these 
constituents are even distributed to two different kinds 
of eggs which differ in size : take the case, for instance, 
of rotifers and of the Phylloxera, in which it is con- 
sequently beyond doubt that each sex has its own 

pflanzung bei der Daphnoiden,’ Leipzig, 1876-79, or Zdischrift f 
s, Zooi xxvii" xxxiii. 
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primaiy constituents. And if this be so in these 
instances we are not, it appears to me, justified in 
doubting that the eggs of sexually dimorphic animals 
in general contain double primary constituents, though 
these are not distributed in two distinct kinds of eggs, 
but are contained in the same germ-plasm. From this 
latter condition vve pass readily to the relations that 
exist among the social insects, the germ of which must 
contain at least three sorts of primary constituents of 
the body, inasmuch as those of the female occur in two 
h rms. 

Let us now in(]uin' how it is possible for the 
degeneration ot the primary constituents of the ovary 
t«> c(/m<‘ about. It i^ clear that this could not be 
a ('onse<jij( nee of disust*, as infiTtility ceases to be 
ir:uisfi!itt(*d in proportion as it inrnuises. It tluTefore 
SCI ms t(» mt‘ that the n-lative disap[H*ai ance of egg-tubes 
in th(' workers of bees and ants fumishi‘s a convincing 
jiroof that it is a mi-^take to rc'gard the degeneration 
of any org*in as a direct ('onscfjuence of disuse. In the 
cas'’ wr liave beim consahTing the v<‘ry oi'gans on 
uhi*h transmission de[K‘nds have degmierated, and 
ac<a»rding!v the degeneration i'<M.ild not be transmitted 
at all. d'he d«\generation of tin ovary has neverthele.ss 
proceeded on its slow' phyleO* course, step by step, 
and has caused one egg-tube alt- j another to disappear; 
just as (iigans that are no longrr used— such as the 
supernumerary toes of the ancc'^iral horse— have to all 
appearance degenerated through tfie direct effects of 
disuse, their reduction being transnntted to subsequent 
generations. But in the case we were here dealing 
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with there are no subsequent generations! These 
facts cannot be too strongly insisted on, and should 
be carefully considered by those geologists who lay 
so much stress on appearances, and assume that a 
transmission of acquired characters is a demonstrable 
process, because in many or even in most cases it looks 
just as if the disappearance were a direct consequence 
of disuse appearances are often deceitful and therefore 
cannot be accepted in place of facts. We might as 
well maintain that the sun goes round the earth : better 
proofs to the contrary could not, 1 believe, be adduced 
in this case than are brought forward with regard to 
the facts just stated in connexion with the transmission 
of acquired characters. 

We can therefore in this case only ascribe the 
(leg(‘neration of the reproductive organs to processes 
of selection : and there can be no objection to this 
vi('W, for the degeneration is an advantageous arrange- 
ment, by means of which the workers were fitted to 
give their whole strength to work. The advantage to 
the colony of possessing a worker-caste has been so 
often shown that 1 need not here go into details. 

A further question now arises as to how it is con- 
ceivable that two or even three kinds of primary' 
constituents of the organs in question should be 
contained in one germ, and how they could have 
become developed. This seems to me not to present 
much difficulty on the principles of my theory of 
heredity. I suppose that the germ-plasm includes 
a considerable number of secondary units, each of which 
contains within itself all the primary constituents that 
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are necessary for the development of an individual: 
these secondary units I have spoken of as ^ ids.’ 
Starting with this assumption, there is no difficulty in 
conceiving that the germ-plasm of bees at the present 
day is composed of different kinds of ids> some of which 
contain the primarj' constituents of workers, some those 
of queens, and others those of males ; and there is no 
reason why the worker ids of ants should not be sup- 
posed to be of tuo kinds — those of workers in the 
strict sense of the word, and those of soldiers (see 
Note XI I, p. 63)- 'Fhe ‘ male ' ids- if 1 may be allowed 
the (‘Xpressi<Hi— became active in the absences of fertiliza- 
ti(m, the ‘female’ ids on the occurrence of fertilization, 
and tlu‘ kind of lood sii|)plies the stimulus for the 
wtM‘ker id> or (|U(‘en*ids. Slow |)n)cesses of selection 
liave gradually changed tin* ‘femak*’ ids in two direc- 
tii>ns, and finally led to the (‘Stiblishmimt of two 
perfectly distinct forms mI kunales. d hat the process 
has not sudden, hut has been l)rought al)out step 
by step, is ap|)arc-nt ; (ur even at the present day 
a number of stages in these metamorpfioses arc still 
to be iMund annaiig the workers of the different species 
of ants. Mon (ntr, sptradic transiliun-fonns between 
w(u*k(‘rs and females als(» occur, and show varied 
Combinations of characteristie* , just as in the case of 
hermaphrodites that occur abnormally from time to 
time and (exhibit extraordin iry and often perfectly 
methodless mingling of sexual distinctions; in bees 
especially, wonderful combinati‘»ns c^f the characters of 
both sexes have been observerk 
The facts that are furnished by the gradual meta- 
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morphosis of the females into workers among state- 
forming insects give an important support to the view 
that the germ-plasm is actually composed of ids, and 
these again of primary constituents of the different 
independently var>'ing parts of the body — that is of 
‘determinants.’ It is necessary to suppose that at 
first only small groups of determinants varied : in 
the case of ants possibly those of the reproductive 
organs and wings, and at the same time, many o( 
those of the brain. New determinants arose as the 
old ones disappeared ; and as thus more and more 
numerous and comprehensive groups of determinants 
gradually underwent increased modification, a ‘ worker- 
id ’ finally arose. In like manner other ‘female’ ids 
were converted into ‘queen-ids’; and among the ants 
pos.sessing soldiers, part of the ‘worker-ids’ became 
differentiated to form ‘ soldier-ids.’ 

1 cannot help thinking that the otherwise unexplained 
phenomena of polymorphism become clear and compre- 
hensible, -both as actual piienomena and in their phyletic 
development,— if we accept the view that the germ-plasm 
is composed of ids — a view founded on facts of a very 
dilferent kind. And it is not necessary to make any 
new assumptions special to this instance, for every thing 
lakes place exactly as I have supposed to be the case 
in all processes of transmutation. 1 concluded from 
the phenomena of heredity that at the beginning of a 
metamorphosis there is in all cases a variation of the 
determinants of those parts which have to adapt them- 
.selves to new demands of the conditions of life. But 
even these primary variations do not necessarily depend 
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on a metamorphosis of the homologous determinants of 
all the ids, but only of a small majority of them, which 
would just be sufficient to cause the development of 
the altered character. The number of ids thus modified 
increases gradually by the aid of the processes of 
amphimixis and reducing division ; and simultaneously 
a change occurs in the determinants of other co-operating 
parts of the body, until finally most or a!! of them are 
modified in some respect— sometimes in a lesser, 
sometimes in a greater degree. Thus the ids in 
<juestion take on an entirely new nature. 

I’hi.s |)roress is tlu‘ same as that conceived to occur 
in the formation id the workers of ants and bees— with 
liit‘ one difit refire that among tliesi* there could never 
b(* a C'm\(Tsi()n of all «»r even of most of the ids into 
‘worker idh,' but only a d( linite percentage of them; for 
the ii itile temale^ cuntimied to t)e necessary for the 
specie'-, and sr> had to be ii presentiul by a number of 
id - in the gi rm-plasm. I hit in the ordinary mi’tarnor- 
phoMs ol a species some of iht* ids, if my theory is 
Collett, will always be retained for a long time un- 
( lianm (I or hut little changed tliis we may conclude to 
l)(' the cast' liom the phenomena of reversion. Such 
unaltip’d ids. ha\ing ('eased vi be iriifxtrtarU for the 
Species, may gradually disaimt ar by means of the 
reducing divisions, till at last only isolated groups of 
old determinants are retaint'd m a f('W of the ids. Hut 
in the case of the social in-^etU- a n*lationship has 
become establislied between rdJ an(l new ids ; and 
this we can only ascribe to processes of selection. 

If in the germ-plasm of the bee tliere were only one 
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primary constituent, possessing the power of developing 
into a queen under the influence of rich food and into 
a worker when poorly nourished, how could we explain 
the fact that in the latter case not only docs degenera- 
tion of individual parts occur, but also a different and 
stronger development of other parts? It seems to me* 
that on the grounds of the phenomena obser\’al)le in 
the social insects alone, we have no choice but to 
accept the theory of ids; for only by its means does 
it become intelligible how^ totally opposite characters 
can be brought forth by the stimulus of poverty of 
food— d(‘generation of the ovaries, the rectptaculum, 
and the wings, and frequently a reduction of the entire 
bulk of the body on the one hand ; and on the other, 
increase and higher differentiation of individual parts, 
sucli as the brain in worker-ants and the head and the 
jaws in the soldiers, together with many correlated 
instincts. None of these variations, — not even the fre- 
quently striking small si/e of the workers,— originates 
owing to the direct action of poor food. Should we 
attempt to make dwarfs of any insect by starvation 
during the course of development, we should at most 
get a reduction to about half the normal size: this was 
occasionally the case with the butterflies ard flu 
referred to above. 

But the workers of some ants [Aita fcrvnis) are ten 
times smaller than the fertile females; and even il 
a small proportion of this difi'erence is to be ascribed to 
a phyletic enlargement in the females, a considerable 
part must without doubt be credited to a diminution 
in the workers. Bmery is therefore so far right in his 
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opinion that the origin of such dwarf workers must 
depend on a special peculiarity of the germ-plasm ; for 
the defectively fed lan^ae were not starved to death, 
but underwent metamorphosis, merely remaining small. 
This special peculiarity of the germ-plasm, however, 
does not consist in an increased sensibility, and can 
only be tht' result of a complete metamorphosis of 
the whole trerm-[»las!n, winch in the case j1 the worker- 
ids has in fict bi'toiiu altered just as was necessary 
for the [)rodiictiun of a body of small dimensions. For 
we caniuit ‘'('rioiisly se;>[>()se that these larvae are really 
insufficu ntly nourished auo kept small by hunger (see 
N(»te XI 11, p od riu'v exactly as much nourish- 
ment as tlu V need toi tho devt'lopnumt of the worktT- 
l\pe, and as their instinct demands from the time 
when they have become worker-larvae owing to 
lh(* fjoniau' food (see NoO' XIV, f). The [)rimary 
eonsUiutuus concerned with instinct in the worker-ids 
<ue modified, just as are those of tlu? qiK'on-itls. 

( oncurrently with the visible alterations in bodily 
h*rm. ifiMsiblc* variations have also occurred, as Vvc 
may conclude' from the fact that there has been 
\anau<-ii ui the msiinds. P>ui we know that the ‘art* 
m) pc.’ ng from the iarva eitle r a worker or a queen 
1 y muuc' of a definit'' mode • feeding is an instinct 
wlie'h can only have been iormed along with the 
development of tfu' workei -tyjn . m(jreover, the instinct 
of more moderate food-rv'quireiTji ni.s will likewise have 
developed at the same time m th* larva of the worker. 
For the worker-larv'a is a distinct individual with its 
own peculiar tendencies {AyiUmen) and instincts, just as 
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much as is the full-grown worker. Bee lar\^ae all 
receive similar food for three days only, and thus long 
they are undifferentiated, and may become either 
workers or queens ; but they are then fed differently, 
and the decision is then given as to which ids in the 
ontogeny shall become dominant. It would be just 
the same if even older workcr*lar\'ae could be con- 
verted into queens by the supply of the royal food ; 
for the ids with the primary constituents of the queen 
do not disappear, but are passed fn^m cell to cell with 
the other ids through the whole ontogeny ; and so long 
as they are so constituted as to become active on 
receiving a certain kind and quantity of food, they 
might be capable of deveh4)ment even later, so long 
as the parts of the fully developed insect have not 
begun to develop. In the cas(‘ of bees it is not so: 
at least bee-cultivators assert that vt ry young larvae of 
from one to four days old must be selecti'd from among 
the workers in urd('r to breed up an artificial queen. 
Hut according to Grassi, the larvae of termites may 
also, at the will of the workcTs that feed them, be 
converted into fertile females by being supplied with 
more abundant nourishment, consisting of a nutritive 
secretion from the salivary glands of their attendants 
(of. Note XV, p. 671. I 

It is certainly very remarkabljc' that this adaptation 
of the larval organism to the dc termining stimulus of 
a specific mode of nourishment should be so perfectly 
similar in two such different groups of insects as the 
bees and termites: for there can 3f course be no doubt 
lliat it has arisen independently in each group. But 
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it does not seem to me surprising that natural selection 
has in both these cases coupled the development of 
the caste primarj^ constituents with stimuli dependent 
on nutrition. This convergence seems to be as in- 
telligible as the independent development of similarly 
constructed eyes in very different groups of animals. 
IVhat other mfluencc could have acted as the stimulus^ 
and at the same time been under the ccnirol of and 
dependent on, the will of the animals? 

It might be suj^pused tliat different degrees of 
t('mperaliir(‘ would lia\e serv'ed this purpose equally 
well ; but it would have been difficult to make such 
a stimulus effc'ctivi*. 

Ants do at times carry theur pupae into the sun ; 
and it would doubtless have been possible for natural 
srlection to connect llu* development of the prinuir}^ 
Constituents of the Wfu-kers with stimuli prr)duc(‘d by 
t('mperaturt‘Jiist as in tfu^ adaptive seasonal dimorphism 
ol butterlhes the different garbs of tiu' nKunbers of iho 
^pei i»'s might have been made* st‘nsiuve to definit(‘ 
lenip(‘iatm e^ provided it were pt>ssible for natural 
seh'('tinn to cou[>le the deve lopment of all the charac- 
ters of th( Worker>» with tin* stimulus of temperature*. 
But how Would the nt eessary temperature have then 
been secured for the larvae, m ^ mg that the animals 
have no contr(>l over the sun' bine, and can still less 
command an ice-cellar? 

It is however nrit difficult to understand how differ- 
ences in nutrition came to be a d» termining stimulus, 
for the feeding of the larvae was in vogue among the 
solitary Hymenoptera and such as lived in small 
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companies long before the formation of insect-states. 
It was therefore possible for natural selection to step 
in and favour a definite mode of feeding, and at the 
same time to give those daughter-larvae an advantage 
in which some of the ids had varied in the direc- 
tion of producing workers. We cannot yet however 
follow out the details of this process; and it would 
at present be premature to inquire how the poorer 
nourishment ever began to bring the worker-ids in 
particular into activity. This cannot be understood 
at present any more than can the peculiarity in the 
tissues of roots which causes them to grow down- 
wards under the influence of gravity and not upwards, 
as the stems do. We must for the present content 
ourselves with the belief in the possibility of such 
a mode of reaction being provided for by processes of 
selection, as we know no other origin for purposeful 
modifications. 

Thus in the wliole history of metamorphosis every- 
thing apparently brings us back to selection. 1 have 
frequently been charged with exaggerating the sphere 
of activity of natural selection and with putting the 
direct effects of external influences in the background. 
Hut 1 hope to have shown to-day in one instance that 
there is sometimes a tendency to go to the other 
extreme, and to make external influences responsible 
for a metainorpiiosis in which they can have had no 
part. In the case in point, selection must be re- 
sponsible for all that has become altered in the 
worker's.— for the stunting of the ovaries, the ^■ariation 
in tlie nutritive requirements during the life of both larva 
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and imago, the origin of the art of rearing workers or 
queens at will, and for all the bodily improvements and 
degenerations which have taken place. 

The effects produced by natural selection in the 
formation of insect-states are certainly wonderful and 
manifold ; and we are quite justified in asking whether 
such intensive processes of selection are specially 
possible in the case of the state -forming insects. 
Several years ago Wolff' gave expression to the view 
that selection was out of the question in this case, for 
‘the individuals struggling for existence and those 
offering varieties for selection ’ are not the same, — the 
first being represented by the hive, the second by 
the single persons which compose it. It is true 
that variations of single individuals of the many 
thousands in a hive would be quite ineffective in the 
struggle for existence in which the hivi' as a whole 
has to lake part. Hut Wolff has overlooked the fact 
that the hive as a whole, if not an absolute unit, varies 
like one, inasmuch as all its nu.mbers are tin; offspring 
of one or at most of a few mothers. The fact that 
there is only one queen in the fiive considerably 
simplifies and faciliUites the proc' sses of selection, all 
the partners of the society being sons and daughters 
of the same father and mother, /'.ccordirig to Grassi’s 
researches this is also true as regards some of the 
termites at the present day: in the ease of Calotermes 
flavicollis there is only one true queen ; and though 

' G. Wolff, ‘ Beitrage zur Kritik der Uarwinschen Lehre,’ Dialog. 
CnttraJblall, Sept. 15, 189a 
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a single queen appears to be regularly wanting and 
to be replaced by so-called 'substitution females' in 
Termes lucifuguSy this condition is secondary, and has 
only arisen from the other long after the differentiation 
of castes had taken place. To this day true queens of 
Tcrntcs lucifugus appear, but found no state, for they 
perish in the nuptial flight. 

But I have lingered too long on the state-forming 
insects, and must now return to the point in connexion 
with which I first referred to them. I wished to show 
that when it is important to regulate diflerent possi- 
bilities of development, nature makes use of external 
influences as stimuli. But it is not always an external 
stimulus that originates a change of form it may be 
an internal one. Thus in the case of several animals 
which exhibit alternation of generations there appear 
to be internal arrangements for the determination of the 
sequence of the various forms : I was at least unable 
to prove experinuaitally as regards the Daphnidae that 
temperature and tlu^ drying up of the water in which 
they lived caused these animals to reproduce sexually, 
'rhe various species of these water-fleas are so organ- 
ized that each [)ro(luces a tolerably definitt? number 
of generations of females, and then only are males 
bom. The number of these generations, mepreover, is 
definitely regulated in the various species, s(i as to be 
most conducive to their maintenance. In ^.huse that 
live in large lakes the males only appear a^ the end 
of the summer, while in such as inhabit sniall pools, 
and are exposed to the danger of desiccat|ion, early 
production of winter-eggs is necessary; anti these, as 
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well as the males that are needed to fertilize them, 
appear as early as in the second generation. 

Among related Crustacea, however, we find dimor- 
phism of the species linked to external stimuli. Most 
zoologists will remember the interesting experiments 
and observ’ations made twenty years ago by Schman- 
kcwitsch on Artcmia mulhausenit, which is found in 
salt-water pools on the Crimean coasts When the 
specific gravity of the water in which these animals 
live is gradually raised, the common species, Arfcmia 
^aliua, goes through changes which cause it to appear 
as A, mulhatisniii \ and it is said that when the specific 
gravity is gradually I(»vvered to a considerable degree, 
the species varies in an ()pp(»site direction and is con- 
verted into the form forme rly described as Jirauc/apus 
sihaffcri. I'he changes which occur are at least partly 
of such a nature as to be advantageous in view ol 
the diiferent degree^ of saltness of the water:— thus 
an increase takes [-lace in the si/e of the gills in water 
of higher s|H Cihc gravity in ce*rn:spondence with th(‘ 
le<s abundant sui>|>ly uf oxyg(m. From this I should 
infer that the speciiic gravity is not the direct cause 
of the chane< , init is <»nly the stimulus which induces 
the modiheation of primary consli’a* nts which have 
originated by selection. There wtaild llius be in this 
case, as in that of I)t i s and ants, a di.uble or possibly 
even a multiple adaptation of the body to varying 
sjiecihc gravity, and this would be consequent on a slow 

* Lf. Schinanki;wit=.t li, ‘ Ueber das Verhahruss dcr Artemia 
Siilma zur A}kmia midhauMmi und das Genus Dninchtpitii 
schajftri' Ztiibch. / uicb, Zuol. lid. xxv. 1875. 

D 
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periodic variation of the latter:— certain determinants of 
one id would have adapted themselves to a high specific 
gravity ; those in a second id to a lower specific 
gravity; and in a third, perhaps, to an intermediate 
condition. Along with this polymorphism a special 
sensitiveness of the primary constituents to varying 
degrees of salt ness of the water would moreover have 
aris(*n, so that the right primary constituents W(nild 
always be stimulated to development by the specific 
gravity itself. 

Whether this is the right explanation, or whether 
and to what extent the direct influence of specific 
gravity co-operates through the action of intra-selection, 
cannot be deduced from the experiments that have 
.so far been made ; and 1 have only introduced this 
instance to point out that the way in which it is 
usually represenU‘(l in order to illustrate the direct 
efiects of ext(‘rnal iniluences is by no means conclusive. 
It is quite conceivable that tin* saltiuss ul the water 
in this cast‘ acts mer(*ly as a stimulus. 

1 cannot by any nu‘ans claim to have exhausted my 
subject, and have only wished to give a few illus- 
trations of how I imagine external milucmces to be 
made use of by nature for exciting the development 
of definite primary constituents ol the germ. The 
subject is at present too new to permit of any enumera- 
tion of th(‘ influences on organisms which have been 
made use of as stimuli of double primary constituents; 
but we must a priori regard all kinds of influences 
as capable of being employed to regulate a potential 
development in certain circumstances. We see how 
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finely graduated and regulated the st'nsiti venoms uf 
parts may lx* in the case of tht‘ gradual diflVrcntiation 
of the body in plants and animaLs according lo tiu 
principle of division of labour; for sensitiveness has 
gone hand in hand with morplu'logical difTer ntiation, 
gradually becoming more finely grad.uated and in- 
creased. And liow wonderfully tint' it c\m become 
we see by rt lert nct' io the various special acti' ities 
of the elements c»f our own l>ody, as well as lo the 
numerous processrs of all kinds whicli occur both in 
plants and animals. Foi- ( \am[>!e, we know that as 
a rule seH*l(‘rtil»/ation is avoided among Phanerogams, 
tliat numt Tous (smiphcated arrangenu nts I'xist in the 
(lowers to |)revent its occurrence, and tlial <‘veri the 
very ccxi^tmci* ot many (lowers depends on the fad 
th.it cro^>dertili/ation by tho agonev ot nv.et'ts is ar4 
ad\Mm»ige. dills pKsupposrs that seliftrtili/ation is 
alwavs po^'^ihle, and that it would alw.iys lie h’ss 
ad\ vUilagt ous m tin s<- easr-.. Pul neither o| llu'se 
supj^' - itiorm Is uni\ « i sally li m- ■ all d<‘gret's of sensi- 
ti\anos> t I pollination <*^!^t. Many ondnds whit'b 
are in e\ ' ry ra 'vped adapts 1 loi i (»ss-(rrtdi/atM)n !)y 
insei’t-. lia/e pri)\tsl to l)i fully >»''de with tfu ir own 
pollen; on the other handi, hk-* (Drydnlis rawi, 

which c<»uld \ery easily etferl sett > •liinaliori, an* (juite 
unfruitful with tlnir own pnih n ; 10 contrast to these, 
again, we ha\ c* cleislogarmc llowers, m tach n(‘ver (>pen, 
and consequently are designeii fijr sell lertih/ation only. 
Most striking of all, however, is iht* varying sensi- 
tiveness for minute differences of stimulus in the case 
o( dimorphic and trimorphic flowers, which are so 


u P. 
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adjusted that self-fertilization never occurs, and only 
the pollen from another flower of different form can 
successfully effect fertilization. Here, again, we seem 
to have an insight into the means by which this adapta- 
tion has been brought about : the pollen-grains are of 
different diameters, and the length of the pollen-tubes 
to which they give rise corresponds to that of the 
style of another form of flower. In most other cases 
we are as yet unable to observe the mechanism of 
sensitiveness, which is usually of a much finer kind. 
Hut a mechanism it must always be, and it can only 
have originated on the one principle with which we 
are acquainted in connexion with the origin of adapta- 
tions, — viz. by selection, based on individual variation. 

Many more facts could be brought forw’ard to illus- 
trate the subject of the present lecture, but I fear that 
the numerous details 1 have been obliged to give may 
have already exhausted your patience, and lessened your 
interest in the general conclusions to which they lead. 
1 will therefore conclude with a brief summary of my 
remarks. 

It has long been recognized that external influences 
.serve to stimulate the functions of the body, and I have 
attempted to show that in a great number of cases 
they also act in another and less apparent manner. 
Tiny are used — so to speak—/.*;' nature to rei^idate in a 
purposeful manner the appearance of the various forms 
u'hicli members of a species may take. 1 he germ must 
thus contain all the primary constituents [Anlagcn) ol 
these difl'erent foniis ; and a stimulus— produced by 
the kind of food, by light, by warmth, or by some other 
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external influence— serves sooner or later to start the 
development of one kind or of ant^ther, as well as to 
decide which kind it sliall be* Various degrt'cs of 
difference may exist amongst these forms ; they may 
refer merely to the colouration and marking -as in 
cases of the adaptive s('asonal dimorphism which I have 
attempted to show prehahly occurs in cater. I'Lirs and 
l)iitternies, — or they m.A* be* so con.^itlerable as thosi' 
which exist between tlu‘ of statedorming insects. 

KvN rnal iiinuenci-s an* in none (ff tlu^se cases the 
actual cause of the diflen nres ; tlupy merely play the 
part of the stimulus t.hai decuK^s which of llu‘ primary 
ciai'dituents shall undergt) (!('velnpmenl. I'hi' actual 
CMUsj.* of tiu'se individual di'- >imilarilies is in all cases 
to be ^"<uight m the prelormtsl modifications occurring 
amongst the primary constituent.'* ol the organism itself; 
tmd .‘■aich modidicatio-ns, as lhe\’ are always purposeful, 
can only have originated by seh-clion. ICvc ri when to 
all a]>p4.arance external inlluerK es have had a direct 
action in cauNing pui poselul modification, a more care* 
iul examination cd the case in will ahvays show 

that in reality tin y have only rved to incite into 
activity s.ane preloi nied adaplatsai. 'I'his is sliown in 
a specullv Conclusive manner bv '' coiisuleration of 
sterility in l!ie woikers (;f b(‘es an-’ vi. tn I'he sterility 
is not (lui: to |)oor nourishment, ! ’<l to the presence 
in the egg, owing U) selection, of primary con- 
stituents of a rudimaitary ovary as wrii as tliose of 
a perfect one, the former undergoing dev« lopment whrm 
the young larva is less richly nourished. Poorer food 
serves as the impulse which starts their development. 
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This case is of additional interest as it may ser\'e 
to convince those Naturalists who are still inclined to 
maintain that acquired characters are inherited and to 
support the Lamarckian principle of development, that 
their view cannot be the right one. It has not proved 
tenable in a single instance— not even in the particular 
case on which so much stress has been laid by one 
of the recent advocates of this doctrine. 

'I'lie facts lu;re Ijrought forward, as well as the inter- 
pretation of them at which 1 have arrived, confirm me 
more .strongly than ever in the belief that selection is 
the all-sullicienl principle on which the development of 
the mganic world has been guided on its course. 
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Ndi i-: I (p. 9>. 

TiiF TTiownx'Jits t>r th» Irav's of tropiral la’pjmiiiosai' 
had prcvif'U^h' h( <11 studii «l hv<*lh(Ks ur ni,iv itM Ulion in 
particular llh' admirahh in\( slu^atuui^ (d ( 'h,u h s and Francis 
I>ar\vin hut a vlrtirutc i'Xj>Lui.iliv*n uf tin ir hii‘iu^^icMl sij^nih- 
i.inrr has »iidv hri n aM;\«'d at throiit;li llu' iimst uccnt 
i< s<‘.n chf',, caiiird "Ut m th» liopic-. atul uikIit tin- naUnal 
u»ndi!h>n^ of lilc '•( tiu* plant - A \i-at to tin* hoianical 
station at ihntcn/t a 14, jii |.i\a, cn.ihhd Slahl and llalicr- 
i.iUilt to sill d sn:in- in vv h^ht on thr (‘l, ^ind to show that 
th» cli^^iuM and M»tiinp o( t}]< t< alln i -likt’ h avas thn.x^ 
plant - ( ssrntially ‘ oiim ('t< d with a pfoportionatr diininU' 

tioi) <a tiin thrcr <-{' th<- ttopnal -diow< rs ol rain, as wr|I as 
with tin n L'ulalion <.1* tlu- aimaiiU ot lii^hl that falls upon 
tin-ni ; tdi th- nu-r* lhr\ ;ur t xpo-, *1 to the Min the rnon' do 
lh( \ l>t*«an<- din < ltd lipwards, nntj) tV( ntually tiny cl(>sr 
I'onip]' n h’. d hi-. 1- at any rat* li)'- ♦ asr in riuinrrous other 
troja('al 1 a ^uinino.sa( , iiiuhah it i not the impulse of touch 
whicli Starts the moverm nt, hut a rtain intensity of the 
light: thr clo-ang ol the havis h* i « rves as a protection 
not only fri*in the tain, hut also fo..-, tin t xressive ellects of 
the sun’s ravs. I he lra\('>, »ii tins* oi this close wiien the 
light is strong, as well as wlun it is je-i so, and in the latter 
ease the adaptati<jn is loukrd upon llalarlandt as an 
arrangement vvhicli caus< s thr closing of the leaves even 
before the rain begins, when the sky is u-iually rf)nsi(l(:rably 
<'louded over. Compare Stahl, ‘ Kt g< nf.dl u. Ulattgestalt.; ein 
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Bcitrag zur Pflanzcjibiologic/ Extract du Jardin Botanique dc 
Buttenzorg^ vol xi., 1893 ; and Haberlandt, Eine bolanischc 
TropenrdsCf Leipzig, 1893, pp. 1 12 and 113. 


NOTE II (p. II). 

The matter is, if possible, still clearer in the ca5^e of 
g<*otro{)ism, for there is no doubt that the habit of the [)lant 
to react in some i>articular way to the force giavitv carme t 
be a general and primary peculiarity of plants. A V’clvox 
('olony, rf)tating freely in water, is in a senst* a living 
kliiiostal, uninfluc'nced by the attraction <^f the earth. Tin 
geotroj»ir sensifiveness of planLs can only have arisen when 
they became aUached to the ground, and may then fore, evt'i) 
in its most general form, be regardt'd as an adaptation. 'I bis 
b(*(‘()mes much mon* evident win n we consider that the 
various parts of existing plants h'wc totally differt nt sU '^cepti- 
[)iilties t() the stimulus of gravity: not only may the root be 
positively gc'otropic, while the stem is iu\gattv» ly geotropic, 
but t'ach of the secomlnry n-ots an<l of tin* branches pasisLS 
off at a j)erfectly definite angle from the j»rineiry root .ind 
stem, and this angle is dm, at bast to a cniiun extent, to 
.1 reaction to the stimulus of gravity. Thus the giotropii' 
sensitive ness of [ilants, just like the n- iti\ eiu ss of tiKir 
dihei’tait parts to light, may nj:inik\^t its^ll in c>{^po^ite man- 
ners ; and wlial is still luoie noteworthy — the sensitive ness 
is spi'cially re gulated for every part in such a way that the 
plant is enable te; aekipt itsell mo a aelvantaee oiesly to iN 
vliiVe rent coiuiitioiis. Init a mode- of reaction uhich re-*pomk 
veTy ditlereaitly te) the same’ stimulus caniu)t be e i iginally <tr 
primarily charaerlLiistic et the- piant : it cannot always b.i\e 
be*en posse sseel by all plants, but is elue- to an aeiaptats>ii in 
ce»nnexie>n with the fixed condition (*f these- < organism-, 
I'hi delicate- Tnoleculai ’ structure', io which this weaKi^ rtul 
se nsitiveness is te> be referred, canned eiepe nd upem the direct 
action of external stimuli, but only un ihcir indirect influence, 
u e. e.>n processes e 4 seUclion. 
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assume in virtue of the pressure of fluid from withim The 
form, moreover, varies according to the angle which the 
branch makes with the trunk and the relative sizes of the 
two vessels. There is consequently the smallest p>ossible 
amount of friction of the blood on the walls of the vessels 
through which it circulates ; and as the number of branches 
of the vessels is immense, we must acknowledge the impor- 
tance of an arrangement which largely helps to render 
possible Uhe working of the circulation with a minimum 
expenditure of vital energy and of the vascular tissue/ 


NOTE V (p. 22). 

See F. Merrifield, ‘The Colouring of Chrysophanus phlaeas 
as affected by temperature,* The Entomologist^ December, 
1892, and December, 1893. The results arrived at by this 
accurate observer agree very well with those I obtained 
with regard to the same butterfly, a brief account of which 
is given in The Gertn-Plasm : A Theory of Heredity, 
London, 1893, p. 399. 

The fact that a direct action of the temperature is con- 
cerned in the case of Polyomntaius (Chrysophanus) phlaeas 
and that the change of colour is not due to some special 
adaptation is shown by the observations of Fritze, who found 
the individuals of this species in South Japan were almost 
entirely black in the warmest part of the summer. Cf. Fritze, 
‘ Ueber Saison-Dimorphismus und Polymorph ismus bei 
japanischen Schmettcrlingen.* Bcrichte der naturf Ges. su 
Freiburg u Hr,, Bd. VIII, 1894, pp. 152-162. 

While referring to Merrifield*s valuable researches perhaps 
I may be allowed to call attention to the inconvenience 
resulting from recording temperature in degrees of Fahren- 
lieit’s scale in such works. Physicists and chemists have 
long since agreed to make use of the Centigrade scale in 
their writings ; and it would be a great gain to scientific men 
in all the non-English countries if the zoologists of England 
and America would also adopt this usage. It is troublesome 
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to have to convert degrees of Fahrenheit into Centigrade, and 
as a rule a remainder is left, so that one has constantly to 
work with fractions. Moreover no distinct picture is suggested 
to the mind of those unaccustomed to the use of Fahrenheit's 
scale. 


NOTE VI (p. 24). 

An obser\^ati<>n of Dr. Adalbert Seitz, the vdl-known 
authority on butterflies, also seems to me to indicate that 
seasonal dimorphism, dcpenilmt on adaptation, may in fact 
occur. Dr. Seitz relates in his interesting ‘ Reiseskizzen * 
iSkttiner entom^of^ische Zeihiu^^ 1893, p. 27) that on the 
hills near Yokohama, in Japan, numerous butterflies arc to 
be found flying atK)Ut as late as November. 1 ‘h»'ir * lower 
surface is leafdike, and this is the more noteworthy as the 
summer-generations oi the same butterflies are different in 
this respect ; the autumn-form Crapta (\ mireHtn has ctin* 
sequenlly been described as C, pryeri, and Tiruis taeta and 
T.Jav^ni, which are only different generations of a seasonally 
dimoq>hic butterfly, have long Ikth regarded as distinct 
species.’ The author explains the adaptirtion by referring to 
the fact that at that time of year even the last remnants ol the 
green leaves have disappeared, while the ground is strewn 
with witliert d leaves. It would be int* resting to follow out 
this incidental allusion more carefully. It would not only 
show how marked and constant the diflerences between the 
tw^o generations are, but would also piovt- the biological value 
of these diflerences ; lor whenever dimorphism depends on 
processes of selection, each of the forn.*, is an adaptation, and 
must have a biological .significance, hor instance, il the 
colouration of the underside of the summer gencration were 
of no importance—that is, if the pattern might equally well be 
leaf-like— it would be difficult to see why th#* adaptation of 
the autumn-generation to dried leaves should not have 
extended to the other generation as well. 1 his consideration 
is also valid in the case of Vanessa levana-prorsa. We 
cannot hold the adaptive nature of this seasonal dimorphism 
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to be proved as long as no explanation is forthcoming of 
the biological value of the colouration in the spring form 
K Imam. After the above lecture had been delivered, 
I received a recent paper by Dr. Brandes (*Der Saison- 
Dimorphismus bei cinheimischen u. exotischen Schmetter- 
lingen'; Halle, 1894), which it is shown that a series 
of tropical butterflies are probably seasonally dimorphic in 
a manner similar to that which 1 have supposed to occur in 
Vanessa prorsa, the difference between the two forms being 
due to the adaptation of one generation to certain seasonal 
surroundings. Although these cases are not conclusively 
])roved, I do not doubt that a seasonal dimorphism depending 
on adaptation exists. We must therefore distinguish between 
two kinds of seasonal dimorphism: — that which is called 
forth by the direct influence of temperature acting on the 
germ-plasm and on the growing scales, as well as an adaptive 
seasonal dimorphism, due to adaptation of both generations 
to different external surroundings. In the first instance, the 
temperature is the actual cause of the change in coloura- 
tion ; while in the second case it only serves as the stimulus 
which decides whether one or the other of two kinds ol 
colouration shall appear. 


NOTE VII (p. 28). 

Rotifers, as is well known, produce two kinds of eggs, 
large ones that give rise to females, and small ones from 
which males arise. According to Maupas ('Sur le deter- 
minisme de la sexualiti 3 chez THydatina senta'; Compt, 
rend, T, 113, pp. 388-390), the same female always brings 
forth the same kind of eggs— either male alone or female 
alone ; and it can be proved that whether a mother will 
produce daughter-forms which wall bring forth male eggs, or 
daughter-forms which will produce female eggs, depends on 
the higher or lower temperature of the water in which the 
motlier lives. We can make the mother produce alternately 
male-producing daughters or female-producing daughters so 
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that in this case the sex is determined before the egg» com 
ceming which the decision is made, has come into existence. 
This remarkable and rare arrangement is beyond doubt 
connected in the first place with the peculiar smallness fT the 
males, and with the dimorphism of the eggs which is condi- 
tioned by this. We may go the length of asking why those 
daughters which yield male eggs aie produced wtion the 
temperature of the water is high, and why those which give rise 
to female eggs arc produced when the temperature is low:— 
this could hardly be a chance effect of temperature, but is 
much more likely to be due to an adaptation to the pecuhar 
conditions of life in these animals. Sexual reproduction seems 
often to take place late among the rotifers, when the colony 
has almost reached the height of its development ; but this will 
usually coincide with the occurrence of the highest tempcTa- 
ture, so that, by the arrangement referred to, it is st'curcd 
that the males appear at the most suitable time. If this 
interpretation is the correct (»nc, we may understand why 
it happens that in this case th<‘ dete rmination of sex is 
dependent on temperature, and why tlu' higher and lower 
temperature produce the effects described. 


NOTE VIII (p.28). 

Watas<*, in a paper which appeared in 1802, ^On the 
IMienonn na of Sex- Differentiation * [Jottm, of Morpholo^^ 
vol vi. Hoston, attempted, in a nainiier not quite clear 

to me, to conceive of sexuality its< If as a phenoimrnon 
deperult nt on stimulus. With such view 1 cannot agree, 
as will appear more plainly further on in this lecture, 

NOTE IX (p. 31). 

The experiments with Musca vomitona, here flescribcd in 
outline, were made in the years 1884 and 1885 and have not 
hitherto been published, as I intended to extend them in 
another direction. 
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NOTE X (p. 31). 

The normallyTed fly larvae required just as much time for 
their development into the adult form as those that were 
poorly fed — namely 206 hours ; and they fed almost continu* 
ally during the whole time. The ill-fed larvae were only 
allowed to feed for 138-150 hours, i. e. six-tenths to seven- 
tenths of the normal time. But these figures express the 
difference in the fi^eding of the two lots very imperfectly : the 
difference was, in fact, much greater, as is evident from the 
fact that the ill-fed larvae grew much more slowly and 
remained much smaller than the others. We may therefore 
say that at any stage in the 138-150 hours of their larval 
life they were less capable of taking nourishment than they 
would have been had they been of normal size on reaching 
this stage. 


NOTE XI (p. 35). 

I formerly indicated, not without good reason, that the 
eggs break down to help in sustaining the animal : this is at 
any rate the result of their disintegration, though perhaps it is 
simply an unavoidable and not an intentional one. The flies 
already referred to furnished another proof as to the extent in 
which the maturation of egg-cells depends on food. I had 
begun my experiments by endeavouring to find out whether the 
flies would reproduce at all in confinement : this could not 
be predicted of them, for many insects — butterflies, for 
instance— in general do not do so. And, in fact, it seemed 
at first as if the same would be true in this case also ; for, in 
spite of abundant feeding with carrots and sugar, more than 
a month passed without any eggs being produced. As soon, 
however, as I introduced some meat into the case containing 
flies, they all darted down upon it, and greedily sucked iu 
juice. In their craving lor flesh they crowded on to the 
piece ; and the result was that in a week afterwards a great 
number of eggs were laid. The quantity of nitrogenous food 
had therefore been too small, and without it the eggs could 
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not come to maturity ; for the ovaries of flies are fully formed 
though very small when the insects escape from the pupa. In 
later experiments, when the flies were fed from the first with 
sugar and meat-juice, the eggs developed very rapidly in the 
^ovaries, and the first deposit occurred as early as ten days 

It thterefore irfvars that h»iw<»vcr rich th#' fit d >f the 
larvae these fh* /itly MilTicx. ' i f ^rm the 

ovaries, and not to hriu^ an ,• , ; r*t <♦- fit.- r . t v t ity maturity; 
and this seems to Ik‘ equally true of bees and ants. Rich food 
is necessary in the imago* stage if the egg-cells are to ripen ; 
and this probably explains the fact that the worker bees 
and ants as a rule pnxluce no eggs : for they have usually 
to work hard to provkie themselves with food, while 
the queens are supplied with rich fomi th^ imago- 

tiUge. It do€t eiceeptionally happen that tn- woikers take 
rich food and exhibit ah increased metabolism ; and then 
they too bring the germs in their few egg-tulws to maturity, 
an<i lay eggs. Possifjly \vv may explain W'»smann*s experi- 
ments in a similar manner. (Cf. K. Wasmann (S. J.), 

* Parthenogenesis 1 h i Ameisen diiirh klinstlichi? 'Fempera- 
turverhAllni.-.se/ Ihol. Cvutnilbi Bd. xi. No. i, Ke*br. i, 1891). 
He fn qurntly obs(‘rved th<’ [>rodu('tion of eggs by the worker 
ants oi Several species he examined whe n tin* temperature was 
artificially raised. Warmth inrrea^i s and arrelerates meta- 
bolism and const fjuently slimulatt s the app<*tite. Moreover 
the experiment afTecU d ditTerenl s[>» i h-s in difl'erent degrees, 
and this t an be explained by the siq^position that the ovaries 
had degenerated in dift’erent degiets. When they contain 
no egg-tubes at all, as in the case t>f ft lramorium caespitum^ 
even the richest nourishment is of no avail to cause the 
production of eggs. 

NOTE XII (p.39). 

In my book on The Germ-Plasm^ 1 have simply spoken 
of double or multiple determinatiis as the foundation of 
dimorphism or polymorphism in the idioplasm. I conceived 
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dimorphism to originate in such a way that the determinants 
of an id first became double, and subsequently the doubled 
determinants varied in different directions. Repeated con- 
sideration of the facts now leads me to hold the modified 
view of this text as more accurate. I now suppose that 
stitutional dimorphism of a species — even sexual chin<^pl|ilS 
— is due to homologous determinants varyinr^ jri 

different ids: so that, for example, one id contaitts ^male^ 
and another ' female ' determinants of the reproductive organs, 
of the genital ducts, or of the pattern of wings, and so on. 
In like manner I imagine that every other kind of dimorphism 
or polymorphism has originated by the different variation 
of corresponding determinants of the various ids. Seasonal 
dimorphism alone, so far as it depends only 
effects of external u)': c , ■ ^^litS no ^ idli, 

of the germ-plasm. iae 

My present view >> to aave the advantage of^ simplicity, 
as it docs not require the hypothesis of a doubling of the 
determinants involved prior to the different variations— 
a complication that, as I was quite aware, could not well be 
accounted for. It permits, too, a perfectly gradual increase 
of the differentiation of the ids until a complete distinction 
arises in all the determinants of the id, so that two or more 
essentially different kinds of id constitute the germ-plasm. 
Moreover even a complete separation of these into two 
groups is possible, and must actually occur among species 
with male and female eggs. 

This view of the facts also affords a deeper insight into 
the causes of the determination of sex. For if there are 
special ‘ male ' and * female ' ids, the number of them in 
certain circumstances will give the decision as to whether the 
developing organism shall be male or female. For though in 
some cases sex is probably or even certainly determined by 
external influences which affect the egg, these are not to be 
regarded as the only or even principal cause of the decision 
in all cases : we are here concerned with an adaptation to 
special circumstances. In the case of human beings it 
appears very obvious that in a certain sense se^ may be 
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hereditary I mean that the determination of sex may W* 
dependent on the composition of the germ. 'Phe fact that many 
families consist chiefly either of male or of female chiUlren 
could hardly be accounted for in connection with any external 
influences. If, how'e\er, we conceive of the germ-plasm as 
composed of * male ’ and * female ’ ids, the numerical relati(»ns 
of these will usually be as 1 : x. But dcviatior=i In this 
respect will occur, and may be increased by means of th(' 
processes of *redii«ing division* and 'amphinn’xis * ; and 
when a certain ha* been reached they may lead to all 
or the majority of the children of the same parents being of 
one sex. I ho{>c to treat of this matter in greater detail 
un another occasion. 

The idea that sexual dimorphism is based on the presence 
of more or less markedly ditferent 'male 'and ‘female * ids 
in the idioplasm, harmonizes wry well with lh(‘ occasional 
determination of .sex by external infliienees. Just as the 
* workcr-id.s * of the hec become active hy th«‘ poor footl* 
supply of the larv.i, while the ‘queen ids* remain inactive, it 
would seem to be possible that in tije case of the frog 
abundant m»urishment in the larval stage should tisually lead 
to ‘female* ids becoming activ<% vvlule imagre feeding leads 
to a preponderance of ‘male* activity. In like manner it 
is j»ossible that in tlu‘ rase of the bee any factor that is 
ronnectt^l with tin* act of fertilization might be the means 
of stimulating the female-ids to activity. 


NOTE XIII (p. 43). 

I am quite aware that pathological afmormalities occur in 
which entire parts or organs mav wanting. But such 
cases do not contradict the view of tin phyletic nature of the 
process by which typical parts beconu* rudimentary, to which 
I have given expression on p. 35. It true that the brain 
may be partly or altogether wanting in a human embry^u or 
may be abnormally small, or defects may Sbeur in the heart, 
or larger or smaller regions of the limbs may be wanting ; 

E 
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but such abnormalities are never due to a general insuffi- 
ciency of nourishment. They may depend, as E. Ziegler 
shows (Lehrbuch der path, Anat 1892, p. 369), either on the 
transmission of abnormal primary constituents of the germ, 
on primary pathological variations of the germ, or on external 
injuries : thus, for instance, a constriction of the limbs of the 
embryo by the umbilical cord or the egg membranes may 
occur. 


NOTE XIV (p. 43). 

Until lately it had only been demonstrated in the case 
of bees that food differences determined whether the female 
larvae should become workers or queens. The quality and 
quantity of the food which the different kinds of bee-larvae 
receive is accurately known, chiefly owing to the beautiful 
researches of Planta. In the case of ants there is a lack of 
evidence ; but very valuable and definite information has re- 
cently been obtained on this point as regards termites, con- 
cerning which we were previously very ignorant. Grassi 
and Sandias’s observations in Catania (' Costituzione e svi- 
luppo della Societa dei Termitidi. Osservazione sui loro 
costumi etc.’; Catania 1893, Atti delF Acad. Gioenia di 
Sc, nat, Vol. VI VII) have shown that, in the Sicilian 
termites, the egg, like that of the bee, contains the primary 
constituents of each kind of individual. Whether the develop- 
ment of the male is determined by the absence of fertilization 
must still be left an open question ; but it has been definitely 
established that the larvae of the fertile females receive far 
more abundant and more nourishing food than do the young 
which will give rise to workers or soldiers. Moreover, even 
at a later stage, the larvae can at will be reared either as fer- 
tile forms or as barren workers or soldiers ; and here again it 
is a nutritious secretion of the insect itself which leads to the 
production of the sexual form. Just as in the case of bees, 
the larvae for three days are all fed with this nutritive 
secretion, after ^fhich time only those which are destined 
to become sexual forms continue to receive it regularly, the 
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thers getting it not at all or only in small quantities. The 
msitiveness of the larva to differences in nutrition must, 
owever, be more finely graduated in termites than in bees ; 
►r Grassi has shown that even the distinction between 
orkers and soldiers is under the control of the food 
roviders. If the soldiers are taken away from them, they 
lake new ones from other larvae. 


NOTE XV (p. 44). 

Herbert Spencer has attempted to weaken my reference 
) the social insects as an illustration of the metamorphosis 
f an organism taking place apart from any transmission of 
:quired characters (Cf. Weismann, 'The All-Sufficiency of 
fatural Selection; a Reply to Herbert Spencer,’ Contempt 
Sept, and Oct., 1893), by maintaining that the charac- 
Ts of the neuters had originated while all the females were 
ill prolific. I will not deny the possibility of some of the 
eculiarities of the workers having actually originated as 
ir back as this, though it would be difficult or even im- 
ossible to be at all certain on this point. But it seems 
) me that there is no room for doubt that the greater 
art of the characteristics of the workers have arisen, 
ter — that is, during and after the formation of castes, 
[erbert Spencer looks upon the infertility as a direct conse- 
aence of inadequate nourishment of the larvae. I have just 
lown that this cannot be so; but if, for a moment, we 
ssume the contrary, how could we account for the instinct 
f the workers at the present day, which leads them to take 
ir less food than the fertile females when in the imago-stage ? 
urely this cannot be explained by the meagreness of the 
Durishment during the larval stage ! In my experiments 
ith flies, at any rate, those which were poorly fed showed 
3 less appetite as imagines than their sisters which had 
sen well fed as larvae. Or ought we to suppose JhaX 
Le habit dates from ancient times, when all the females 
istinctively took but little food ? In this case they would 
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not have reproduced, as the workers at the present day 
cannot mature the scanty egg-cells present in their few 
egg-tubes. And we must not forget the double, or — in the 
case of some ants and the termites — three-fold forms of 
the workers, to which I referred in this connection in my 
essay! But I may spare myself further reply to the com- 
pletely untenable contentions of Mr. Spencer, for Mr. Platt 
Ball has already admirably answered him in a paper on 
'Neuter Insects and Lamarckism’ {Nat Science^ vqI. iv.^ 
Febr., 1894). One of the questions put to Spencer by Ball 
is quite sufficient to show the utter weakness of the posing 
of Lamarckism : — if their characteristics did not arise amdAg 
the workers themselves, but were transmitted from the 
pre-social time, how does it happen that the queens and 
drones of every generation can give anew to the workers 
the characteristics which they themselves have long ago lost ? 

That I am not alone in regarding the case of the neuters 
of ants and termites as affording a proof against the theory 
of the inheritance of acquired characters is also seen by 
reference to Prof. Lloyd Morgan’s book on 'Animal Life 
and Intelligence’ (London, 1890-91). Although this author 
is still doubtful whether we are right in not acknowledging 
the Lamarckian principle, he also cites the case of the 
soldiers of certain ants {Oedocoma cephalotes) possessing 
enormous heads and mandibles as furnishing an argument 
against the views of Herbert Spencer. 'The possession 
of these parts so inordinately developed must necessitate 
many correlated changes. But these cannot be due to in- 
herited use, since such soldiers are sterile ’ (loc, cit., p. 213). 
A good dialectic combatant might certainly maintain in 
opposition to this argument that this supposed sterility is 
not proved although soldier-ants in all known cases have 
been found to be sterile, it is known that ordinary workers 
often lay single eggs ; and this may not be an exception, — 
as is assumed by the opponents of the Lamarckian prin- 
ciple,— but may, in fact, be the rule. Such unfertilized 
eggs produced by the workers may be destined to give rise 
to the males of the colony, and thus the changes acquired 
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in the individual life of the worker may have been trans* 
mitted to the next generation. 

Such views have, indeed, been expressed to me privately, 
and my‘ reply to them would be as follows. In the first 
place, the whole argument does not hold good in the case 
of bees, because it is certain that the males arise from eggs 
laid by the queen. Secondly, it is not tenable as regards 
ants, for the workers of one species at least {Tetramorium 
caespitum) possess no egg-tubes at all, and consequently 
cannot produce any eggs. This state of things could not 
have occurred if the formation of the colonies depended 
on the production of the males by the workers only. The 
gradually decreasing number of egg-tubes in the ovaries 
of the workers in the different species proves, on the con- 
trary, that these egg-tubes, are valueless for the maintenance 
of the species in the struggle for existence. 
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